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Abstract. Several successful attempts to isolate the fungal symbiont directly from 
mycorrhizae of Pinus echinata Mill., P. taeda L., P. elliottii Engelm. var elliottii, and 
P. palustris Mill. are described. Detergent solution and an ultrasonic bath were 
employed to clean roots. Surface sterilization with a 1 percent solution of sodium 
hypochlorite followed. Roots then were rinsed thoroughly with sterile, distilled water. 
Severed mycorrhizae were plated on nutrient agar media. Recovery in one test was 
20-50 percent according to type and pH of medium used. In all, 127 separate pure 
culture basidiomycetous isolates, including 97 with abundant clamp connections on 
hyphae, have been isolated from mycorrhizae of 3-month-old to 60-year-old trees 
growing in sand, sandy loam, and loam soils in the Piedmont and Coastal Plain regions 
of the Southeast. About 40 different species appear represented. Two have been iden- 
tified as Clitocybe laccata (Scop. ex Fr.) Quel. and RAizopogon roseolus. (Corda) 
Hollos, Also, two isolates of Cesococcum graniforme (Sow.) Fred. and Winge were 


recovered from slash pine mycorrhizae. 


Prior To 1921, little was known of the 
identity of fungi that form mycorrhizae 
with roots of trees. Many associations had 
been reported but these were based simply 
on empirical observations linking conspicu- 
ous sporophores of various fungi on the 
forest floor with different tree species. 
Proof of infection was lacking. Then Melin 
(1921) demonstrated a specific fungus- 
tree mycorrhizal combination by growing 
a pine seedling and test fungus together 
aseptically in a large flask in sand wetted 
with nutrient solution. He thus identified 
a number of hymenomycetous fungi as 
mycorrhizae-formers with several conifers. 
His technique has since been employed by 
Modess (1941), Doak (1934), Hacskaylo 
and Palmer (1955), Bryan and Zak 
(1961), and others. 

Much valuable information has been 
assembled on mycorrhizal synthesis between 
many fungi and a relatively small number 
of tree species, mainly conifers. Yet, these 
data may or may not reflect conditions as 
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they exist in the forest. As pointed out 
by Harley (1959), aseptic conditions of 
growth are abnormal for both fungus anu 
tree seedling. Positive combinations are 
meaningful but lack of mycorrhizal forma- 
tion does not necessarily indicate lack of 
mycorrhizal association in nature. Further- 
more, we are unable to evaluate the ecologi-- 
cal significance of a particular organism. 
And, we do not know which fungi are 
dominant in mycorrhizal association within 
a given forest community. 

These problems can be resolved only by 
isolating the fungal component in pure 
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culture directly from the mycorrhiza and 
identifying it. Melin (1921, 1923) ob- 
tained numerous isolates, representing sev- 
eral Basidiomycetes, from mycorrhizae of 
Pinus sylvestris L. and Picea abies Karst. 
Several of these fungi were identified as 
Boletus species and confirmed as mycorrhiza- 
formers using the synthetic culture test. 
Rayner and Neilson-Jones (1944) isolated 
B. bovinus in pure culture from mycor- 
rhizae of Pinus sylvestris L. and P. laricto 
Poir. Identification was based on cultural 
characteristics and on Buller’s (1931) 
hyphal fusion method using a known cul- 
ture. 

Khudyakov and Voznyakovskaya (1951) 
obtained three pure cultures believed to be 
Hymenomycetes, one of which bore clamp 
connections on hyphae, from oak mycor- 
rhizae. They washed freshly collected 
mycorrhizae in sterile water and then gent- 
ly ground the material in a small amount 
of water with a sterile mortar and pestle. 
This mixture was then plated on the sur- 
face of water agar in Petri dishes, and 
mantle fragments were picked out with a 
micromanipulator and planted on nutrient 
agar. 

Warcup (1959) successfully isolated 
Basidiomycetes, presumed to'be mycorrhizal, 
directly from pine mycorrhizae taken from 
a pasture soil in the vicinity of a row of 
Pinus radiata D. Don, and P. canariensis 
C. Sm. using his root-fragmentation meth- 
od. He also recovered identical fungi from 
nearby dead and decaying grass roots, 

The present work describes the isolation 
in pure culture of fungi, believed to be 
mycorrhizal, directly from mycorrhizae of 
shortleaf pine (Pinus echinata Mill.) lob- 
lolly pine (P. taeda L.), slash pine (P. el- 
liottii Engelm. var. elliott), and longleaf 
pine (P. palustris Mill.). 

Materials and Methods 


Mycorrhizal roots of shortleaf, loblolly, 
slash, and longleaf pine seedlings and ma- 
ture trees growing in natural stands, plan- 
tations, and in forest tree nurseries were 
used in these tests. Age of trees ranged 
from 3 months to 60 years. Collections 


of root material were made on North 
Carolina’s Outer Banks near Cape Hat- 
teras and in the Piedmont and Coastal 
Plain regions of Georgia. Soils encountered 
included sand, sandy loam, and loam. 
Mycorrhizae were found either in the 
mineral portion of the A-horizon or in the 
overlying organic layer. 

Best mycorrhizal development in the 
areas visited was found during spring and 
fall when temperatures were moderate and 
soil moisture was ample. Most collections 
were made during these seasons. A few 
samplings, however, were made during the 
summer in irrigated forest tree nurseries. 

Root material from the vicinity of 
Athens, Ga., was gathered in the morning 
and plated on nutrient agar media in the 
afternoon of the same day. More distant 
collections within Georgia were carried in 
an ice chest to Athens in one day and proc- 
essed the following morning. The Outer 
Banks, North Carolina, samples were col- 
lected shortly after noon, refrigerated, and 
transported for 36 hours to Athens. Proc- 
essing was done in the morning following 
arrival. After collection, every- precaution 
was taken to prevent drying of root samples 
and their subjection to higher than. soil 
temperatures. 

In the laboratory the mass of root mate- 
rial, consisting of 12 to 15 cm lengths of 
roots varying in diameter from | to 3 mm, 
was first washed in a sieve under a water 
tap to remove most of the adhering soil. 
The roots were next placed in a pan of 
water, and root pieces, 1.5 and 3.0 cm in 
length, bearing suitable mycorrhizae were 
selected and severed for further treatment. 

It should be emphasized at this point, 
that selection of root material first in. the 
field and then in the laboratory was based 
not only upon the apparent vigor of the 
mycorrhizae but also upon their initial 
cleanliness, or freedom from contaminating 
debris, and whether they could be readily 
cleaned and effectively surface sterilized. 
Hence, simple, bifurcate, and moderately 
coralloid structures devoid of loose, fluffy 
mycelial sheaths were preferred. Heavily 
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coralloid and tubercle formations were gen- 
erally not taken. The initially cleanest 
mycorrhizae were usually found growing 
in partially decomposed layers of litter atop 
the mineral soil. Mycorrhizae from soil, 
especially heavier loams, were more diffi- 
cult to wash and to effectively surface 
sterilize. 

After the initial washing, root pieces of 
some samples were placed in an ultrasonic 
(90 kc, 40 w) detergent (Texize’) bath 
for 3 minutes. This treatment effectively 
removed much of the fine debris adhering 
to mycorrhizal surfaces. 

All samples were next subjected to the 
following schedule of cleaning and steriliza- 
tion. Fifteen to 20 selected root pieces, 
bearing collectively 100 to 200 individual 
mycorrhizae, were gently stuffed into a 
2X4 cm plastic vial fitted with a screw 
cap. The sides of the vial and the top of 
the cap were perforated with 1 mm holes 
to permit free flow of liquid. The vial and 
contents were placed in 100 ml of deter- 
gent solution contained in a 200 ml glass 
jar which was capped and agitated vigor- 
ously for 3 minutes on a mechanical shaker. 

The vial was removed from the jar and 
held under the cold water tap to rinse away 
all detergent. Excess water was shaken 
out and the vial placed in a 1 percent so- 
dium hypochlorite solution (20 percent 
solution of commercial Clorox) in a 200 
ml jar. This was agitated on the shaker 
for 10 minutes. The schedule described 
seemed to be best'for most material although 
it may be desirable to increase or decrease 
degree of sterilization for different samples 
of roots. 

Finally, after treatment with sterilant, 
the root material was thoroughly rinsed 
with sterile, distilled water. The vial was 
held with flamed test tube forceps, the cap 
removed, and 2 liters of sterile water 
slowly poured through the contents. Ex- 
cess water was gently tapped from the vial 
and the root pieces were aseptically trans- 
ferred to several sterile Petri dishes. 

Plating of mycorrhizae on nutrient me- 
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dia was done in an air-filtered culture 
room. Two or 3 lengths of root were 
placed in a sterile Petri dish top or bottom 
and the mycorrhizae quickly severed and 
plated on agar medium in 13X100 mm 
culture tubes. The latter were incubated 
in a humidified cabinet at room tempera- 
ture (25° C). 

Heller tissue culture medium as modified 
by Barnes and Naylor (1958) and Slankis 
(1951) tissue culture medium with 2 per- 
cent Noble agar were used in early trials. 
Both media were later discontinued in fa- 
vor of Hagem medium (Modess 1941) 
with 80 ppm streptomycin sulfate and 
Melin (1936) nutrient solution as modified 
by Norkrans (1949) with 2 percent Noble 
agar. Reaction of media was usually ad- 
justed to pH 5.5; Hagem and Melin- 
Norkrans media were also used at several 
pH levels ranging from 4.8 to 6.5. 


Results and Discussion 


One week after plating, the tubes were 
examined and those with contaminating 
fungi, such as Penicillium spp., Aspergillus 
spp., actinomycetes, and bacteria were re- 
moved. Generally about 50 percent were 
thus discarded. Thereafter, all emerging 
fungi were carefully examined microscopi- 
cally. Those with distinct clamp connec- 
tions, and thus Basidiomycetes and highly 
probable mycorrhizal symbionts, were re- 
tained and transferred to fresh medium, 
A small number of other isolates, identified 
by comparison with known cultures as 
Clitocybe laccata (Scop. ex Fr.) Quél., 
Rhizopogon rosenlus (Corda) Hollos., 
Rhizopogon spp., and Cenococcum grani- 
forme (Sow.) Fred. and Winge, were 
also kept. Also, several suspect fungi lack- 
ing clamp connections and otherwise un- 
identifiable were held for later testing by 
Melin’s synthetic culture technique. 

Most isolates with clamp connections 
emerged from mycorrhizae (Fig. 1) 2 to 
3 weeks after plating but some did not grow 
out until after several weeks. In one test, 
Basidiomycetes were observed growing 
from mycorrhizae only after 6 weeks, 


Figure 1. A and B. Hymenomycetous fungi emerging from slash pine mycorrhizae four 
weeks after plating on agar medium, 


These grew as well as most isolates when 
transferred to fresh medium. 

The results of 15 samplings from mycor- 
rhizae of shortleaf, loblolly, slash, and 
longleaf pines, made during the period 
February 1960 to June 1961, are summar- 
ized in Tables 1 and 2. More than 3000 
individual mycorrhizae were plated. 

On the hasis of total mycorrhizae plated, 


recovery of the fungal symbiont varied 
from zero to 50) percent. In all, 127 pure 
culture isolates of Basidiomycetes and 2 of 
Cenococcum graniforme were obtained. 
More fungal symbionts probably grew 
from the mycorrhizae than indicated by 
these data but were not recognized as such. 
Many known hymenomycetous symbionts, 
such as species of Boletus, Russula, Corti- 


TABLE 1. Fungi isolated directly from mycorrhizae of shortleaf, loblolly, slash and long- 


leaf pines. 


Sampling Pine Age of 

date Area species trees 

Yrars 
2-2-60 Athens, Ga. Slash 1 
2-15-60 Athens, Ga. Slash 1 
2-28-60 Athens, Ga. Slash 1 
3-6-60 Athens, Ga. Slash 1 
3-7-60 Athens, Ga. Shortleaf 1 
5-10-60 Athens, Ga. Loblolly 1 


5-27-60 Buxton, N. C. Loblolly 2-50 


10-21-60 Buxton, N. C. Loblolly 2-30 
11-23-60 Cochran, Ga. Slash 2-3 
3-17-61 Cochran, Ga. Slash 2-3 
4-24-61 Buxton, N. C. Loblolly 30 
5-16-61 Athens, Ga. Slash 3 


5-18-61 Athens, Ga. Loblolly 60 


Mycorrhizae plated 


Type of Yielding probable 
planting Total mycorrhizal fungi? 
Numher Number Percent® Percent? 
Nursery bed 35 2 6 40 
Nursery bed 79 7 9 12 
Nursery bed 33 0 0 0 
Nursery bed 64 3 5 9 
Nursery bed 115 1 1 2 
Nursery, potted 35 1 3 60 
Forest 600 0 0 0 
Forest 1050 9 1 2 
Plantation 212 27 13 23 
Plantation 404 19 5 10 
Plantation 292 2 1 2 
Nursery 
planting 151 32 21 60 
Forest 76 1 1 3 


*All are Basidiomycetes except as indicated. 
Based on total mycorrhizae plated. 


"Based on total mycorrhizae plated less those yielding contaminants. 


4 - . 
Cenococcum graniforme was isolated from two of these. 
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TABLE 2. Fungi isolated directly from mycorrhizae of longleaf and loblolly pine seed- 


lings usmg Hagem and Melin-Norkrans media, each at 3 pH levels. 


Mycorrhizae plated 


Pine Agar Yielding 
species medium pH contaminants Yielding Basidiomycetes 
Number Number Percent Percen? 
Longleaf Hagem 4.8 3 0 0 0 
5.6 1 0 0 0 
6.0 6 2 20 50 
Melin-Norkrans 5.0 6 0 0 0 
3.5 9 1 10 100 
6.5 9 1 10 100 
Loblolly Hagem 4.8 5 3 30 60 
5.6 5 Z 20 40 
6.0 6 3 30 75 
Melin-Norkrans 5.0 4 5 50 83 
5.5 6 4 40 100 
6.5 5 4 40 80 


‘Longleaf pine seedlings were 3 months old and obtained from Herty Nursery, Albany, Georgia. Loblolly pine 
seedlings were 2 years old and grown at Athens, Georgia nursery. Both were collected in June 1961. 


Based on total of 10 mycorrhizae plated. 


Based on total of 10 mycorrhizae plated less those yielding contaminants. 


narius, and other genera, produce few or 
no clamp connections in agar media. Fungi 
other than Hymenomycetes, as illustrated 
by C. graniforme, may produce mycor- 
rhizae in association with pine roots. It 
would be desirable, therefore, to test all 
suspect isolates employing Melin’s synthetic 
culture technique. 

Mycorrhizae from 3-month-old longleaf 
and 2-year-old loblolly seedlings were 
plated on Hagem and Melin-Norkrans agar 
media, each at 3 reaction levels ranging 
from pH 4.8 to 6.5 (Table 2). The long- 
leaf pine seedlings were dug from silty 
sand beds in the Georgia Forestry Com- 
mission’s Herty Nursery near Albany, Ga. 
Loblolly mycorrhizae came from trees 
potted in loam soil in metal cans and bedded 
in a sawdust mulch under lath shading at 
Athens, Ga. Samples for isolation of mycor- 
rhizal fungi were obtained from roots 
which had grown into the partially decayed 
sawdust. 

Four isolates were obtained from long- 
leaf mycorrhizae and 21 from loblolly pine 
mycorrhizae. Three of those from long- 
leaf pine are a species of Rhizopogon. The 
fourth isolate and the 21 isolates from lob- 
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lolly mycorrhizae are unidentified but their 
hyphae bear abundant and conspicuous 
clamp connections. Successful isolation of 
probable fungal symbionts from longleaf 
pine mycorrhizae varied from () to 20 per- 
cent; from loblolly pine mycorrhizae, 20 to 
50 percent, Melin-Norkrans medium ap- 
peared to be better than Hagem medium 
for these samplings. Reaction of media was 
not critical. It is interesting to note, how- 
ever, that satisfactory isolations were ob- 
tained at pH values of 6.0 and 6.5, 

Twelve unidentified isolates were se- 
lected from among the 127 basidiomycete- 
ous isolates and subjected to Melin’s pure 
culture test using slash pine. All produced 
well-developed, bifurcate mycorrhizae in 
association with roots of this species. 

All isolates were grown on Hagem me- 
dium in Petri dishes at 20° C in the dark 
for a period of 40 days and then classified 
as to species or unidentified species groups. 
In all, 40 different tentative species were 
observed among the 129 pure culture iso- 
lates recovered from mycorrhizae of the 4 
southern pine species (Table 3). These 
include Clitocybe laccata, Rhizopogon ro- 
seolus, an unidentified Rhizopogon species, 


TABLE 3. Number 


of fungal spreivs and frequency of isolation from pins 


mycerrhicac. 


"Type Pine 
Area planting species 
Athens, Ga. Nursery Slash 
Nursery Shortlesd 
Nursery Loblolly 
Forest Loblolly 
Albans, Ga. Nursery Longleaf 


Cochran, Ga. Plantation Slash 


Buxton, X. C. Fe rst 


Letio 


Total 


Isolates from mycorrhizae 
Hitherent 


species Species frequency! 
Number N umher Number 

+H 13 277. VLR. |-1-1-1-1-1-1-1-1-1 

| 1 | 

2A 3 1-5-14 

l | l 

+ 3 RE] 
+h 14 Y-)-)-1-3-)-2-2-1-1-1-1-12-11 
t 4 J-1-2-1-f-3 


"Several cultures were lost prier to classiticatien, 
“Rhizopogon sascalus, 

“Clitacvhe laceata. 

'Rhisopngan spp. 


"Conacoecum granifarme. 


and Cenococcum graniforme, Vive remain- 
ing 36 unidentified but culturally distinct 
entities all hear well-defined clamp connec 
tions on their hyphae (Fig, 2). Possibly 
only one or two of these may 


of the same organism. 


be variants 


A 20-year-old, 3-acre, siash pine plan- 
tation near Cochran, Ga., proved to be the 
most interesting area sampled. Isolation 
were made from the roots of 2- to 3-vear- 
old wildling seedlings growing ix 
made hy trees killed bhy Fome: 


pening> 
AHHOSI, 


Ficurr 2. Six examples of hasidiomycetous fungi recovered fram pine myeorrhizae erocen out 
Hagem medium for 40 days at 20° C in the dark. 


colume 9, number 3, 1963 


r 275 


Ficure 3. Isolation in pure culture of two different mycorrhizal fungi from a one-centimeter 
length of slash pine seedling rootlet. A. Symbionts growing from separate mycorrhizae into 
agar medium, X5. B. Cenococcum graniforme, a well-known mycorrhizal fungus. X800. 
C. Unidentified Basidiumycete bearing clamp connections on hyphae. X800. 
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(Fr.) Cke. Sampling was confined to a 
one-acre block within the stand. 

A surprising number of species of fungi 
were isolated from the mycorrhizae of these 
seedlings. Altogether, 14 different species 
were obtained in pure culture represented 
by 1 to 12 isolates as indicated in Table 3. 
Cenococcum graniforme was isolated twice. 
The remainder are unidentified Basidio- 
mycetes with well-defined clamp connec- 
tions. 

During a 3-year period sporophores of 
the following fungi were collected within 
this pine plantation: Amanita rubescens 
(Fr.) S. F. Gray, 4. verna (Fr.) Vitt., 
Amanitopsis vaginata Fr. var. fulva Sacc., 
Clitocybe laccata, Cortinarius spp., Boletus 
betula Schw., B. spp., Pisolithus tinctorius 
(Mich. ex Pers.) Coker and Couch, and 
Geaster spp. Cultures of all except Geaster 
spp. and Boletus spp. were developed on 
Hagem medium largely from fructification 
context, and a few from spores, and com- 
pared with cultures of the 13 unidentified 
species recovered from mycorrhizae. None 
of these nameless species resembled the 
identified stock cultures on the basis of rate 
of growth and character of mat after 40 
days at 20° C in the dark. 

Figure 3 illustrates two different fungal 
symbionts growing into agar medium from 
mycorrhizae borne on the same l-centi- 
meter piece of slash pine rootlet collected at 
Cochran, Ga. One fungus is Cenococcum 
graniforme; the other is a Basidiomycete. 
Root systems of most seedlings from this 
area bore mycorrhizae of several colors, 
indicating that more than one fungus was 
associated with the mycorrhizae of a single 
tree, 

Also, all 36 unidentified species recovered 
during this study were compared with over 
30 different stock cultures developed from 
sporocarps collected throughout the South- 
east including species of Amanita, Amani- 
topsis, Cantharellus, Clitocybe, Collybia, 
Lactarius, Lepiota, Tricholoma, Boletus, 
Lycoperdon, Pisolithus, Scleroderma, and 
Rhizopogon. However no resemblances 
were noted. Some of these probably fruit 


infrequently, if at all, in this region. War- 
cup (1959) concluded from both wheat- 
field and pasture data that more Basidio- 
mycetes may be present in soil than com- 
monly fruit. It is possible, also, that some 
of the fungi recovered in the present study 
form inconspicuous fructifications and were 
neither collected nor cultured. It is further 
suggested that many of the Hymenomycetes 
which produce large and colorful fruiting 
structures on the forest floor and have. in 
past years been reported as major partners 
of tree mycorrhizae, based either on ob- 
served association of sporocarps with tree 
species or on the synthetic culture test, may 
be little or not at all associated with mycor- 
rhizae of forest trees in nature. Rather. 
these fungi may be closer associates of 
mycorrhizae of other plants within the for- 
est community. 

The methods employed in these tests are 
quite simple and permit a large number of 
mycorrhizae to be quickly processed. Care- 
ful selection of root material, thorough 
washing with detergent, surface steriliza- 
tion with sodium hypochlorite followed by 
rinsing with a large volume of sterile water 
should insure a high proportion of mycor- 
rhizae free of contaminants and yet con- 
taining viable tissue of the fungal partner. 
Whether the latter will then emerge from 
the mycorrhiza and grow into the agar 
medium will depend upon the suitability of 
the medium itself. Development of better 
media and use of a variety of media for a 
particular sampling will in the future 
make possible high and consistent recovery 
of the fungal component from forest tree 
mycorrhizae, 

Identification of fungi obtained directly 
from mycorrhizae remains a major prob- 
lem. Mycorrhiza-forming Hymenomycetes 
associated 'with roots of forest trees seldom 
produce sporocarps when grown in artificial 
culture. A rare instance of this was recently 
reported by Bryan and Zak (1961), who 
observed sporophore production by Boletus 
communis Bull. in synthetic culture with 
slash pine. The only alternative is to de- 
velop an extensive collection of known cul- 
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tures from sporophores for comparison and 
identification of unknown isolates from 
mycorrhizae based on cultural characteris- 
tics and Buller’s (1931) hyphal fusion 
method. Fluorescence of the culture, as 
suggested by May (1961), may be a useful 
characteristic in this regard. He observed 
fluorescence of sporophores, spore prints, 
and ethanol extracts made from sporo- 
phores of a number of Hymenomycetes in- 
cluding several known to be associated with 
mycorrhizae of forest trees. Hagem medi- 
um cultures of the 129 isolates obtained 
during this study were accordingly tested. 
Mats of over 50 of these fluoresced under 
ultra-violet light (3660 A) in colors of 


lavender, brown, yellow, and white. 
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